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(i)1. Current literature highlights
1.1. ZipA-FtsZ inhibitors
The prokaryotic tubulin analogue FtsZ is an essential
protein involved in cell division in both Gram-negative
and Gram-positive bacteria. During the division pro-
cess, cytoplasmic FtsZ is localised in the medial division
site of the septal ring at an early stage in the cycle, and
remains associated with the leading edge of the in-grow-
ing septum during cytokinesis. Impairment of septal ring
assembly and resulting failure of the thermosensitive
ftsZ84 mutant of Escherichia coli to divide above the
restrictive temperature indicates the importance of FtsZ
in cell division.
ZipA has been identiﬁed as a protein that binds to FtsZ
in E. coli, and this protein is localised at the site of cell
division at a very early stage in the process. This serves
to tether the FtsZ protoﬁlaments to the membrane dur-
ing invagination of the septum and binding of FtsZ pro-
tein to the membrane bound ZipA is required for
septum formation. Proteins with signiﬁcant homology
to ZipA have not been found in Gram-positive bacteria
and also appear to be absent in a number of Gram-neg-
ative bacteria. This indicates that ZipA is conserved in
only a subset of Gram-negative genomes.
Illnesses caused by respiratory pathogens, for example,
Streptococcus pneumoniae are major global health prob-
lems, as pathogens such as this are the causative agents
of a variety of life threatening infections and disease
states. The appearance of strains of respiratory patho-
gens resistant to antibiotics is becoming more frequent,
and gives cause for concern. As ZipA is required for cell
division in a number of Gram-negative bacilli, inhibition
of the ZipA-FtsZ interaction represents a promising newdoi:10.1016/j.comche.2005.03.001
E-mail: nick.terrett@pﬁzer.comtarget for antibacterial action. To this end, a programme
dedicated to discovering small molecule inhibitors of the
binding of FtsZ by identiﬁed bacterial ZipA whilst
simultaneously searching for ZipA analogues in Gram-
positive pathogens has been reported.1
Several libraries were synthesised in solution giving a
total of more than 100 compounds prepared as single-
tons. These compounds were evaluated for their eﬀects
on the binding of FtsZ peptide to ZipA185328 and an
analogue of the C-terminal FtsZ peptide in a ﬂuores-
cence polarisation competitive assay. Additionally, to cor-
relate in vitro and in vivo activities, selected compounds
were evaluated as inhibitors of bacterial cell growth.
Compounds were tested for activity against bacterial cell
growth by examination using microscopy to see whether
or not they caused cell elongation at sub-lethal concen-
trations in Bacillus subtilis, and in two strains of E. Coli
390 (inner membrane permeable mutant) and CH4 (a
ZipA gene knock-out complemented with ZipA supplied
on a thermosensitive plasmid). Cytotoxic compounds
that caused the formation of cell debris were distin-
guished from compounds causing cell elongation in this
assay visually by both microscopy and histogram shape.One of the most potent ZipA analogues isolated was (i)
which possessed an IC50 of 296 lM. Results for this
compound in the cell elongation assay is consistent with
cell division inhibition. This work is important as it has
demonstrated that small molecule inhibitors of ZipA-FtsZ
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necessary to further our understanding in this area.
1.2. Actin polymerisation inhibitors
One of the goals of chemical genetics is to ﬁnd molecules
that alter, in a highly speciﬁc manner, the individual func-
tions of gene products—something that can also be
accomplished by natural products. An unproven and
intuitive hypothesis is that synthetic compounds embody-
ing features characteristic of natural products may prove
equally eﬀective modulators of gene product functions.
This mimicry will arise, for example, from their rigidity,
covalent bonding, hydrogen bonding capacity or stereo-
chemistry when compared to the natural product.
Schreibers group have been actively engaged in deter-
mining whether diversity-orientated synthesis (DOS)
might be a useful approach to test this hypothesis.2
DOS aims to synthesise compounds whose diversity re-
sults from variations in skeletons and stereochemistry.
Additionally, products having functionalities that en-
able follow-up chemistry that can be performed eﬀec-
tively and systematically are highly valued. The
selection of reactions to be incorporated in DOS path-
ways is critical to the value of the resultant library.
Complexity-generating reactions are appealing because
molecules embodying the features of natural products
can be assembled from simple building blocks.
A three-component coupling reaction was used to gener-
ate a library of over 3500 single-skeleton spirooxindoles
(generic structure ii) on solid phase using a split-pool
synthetic approach. In this library, diversity arose from
use of alternating dipolarophiles and by the removal of
an auxiliary that yielded an amino acid used for subse-
quent skeleton-determining reactions.(ii)
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R1Although the molecular weight and lipophilicity (as
determined by cLogP) of the library members was high,
the value of these compounds as eﬀective probes was
demonstrated by using a chemical genetic modiﬁer
screen to search for bioactivity. This type of screen iden-
tiﬁes compounds that enhance or suppress cellular phe-
notypes, for example, those induced by a small molecule
with a known mechanism of action.
An assay was developed to identify enhancers of the
growth arrest induced by latrunculin B, a natural prod-
uct that sequesters monomeric actin and prevents theformation of actin microﬁlaments. Latrunculin B has
been a valuable tool in elucidating the roles of the actin
cytoskeleton in mammalian cells. One of the most potent
compounds isolated from this approach was (iii) which
possessed an EC50 of 550 nM for enhancing the inhibi-
tory eﬀect of latrunculin B. This work is of interest as
the molecules synthesised have been shown to act as
novel probes for cell circuitry, speciﬁcally for the actin
regulatory network, by the discovery of enhancers of
latrunculin B, an actin polymerisation inhibitor.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
2-(2-Bromophenyl)ethyl groups have been used as build-
ing blocks in radical cyclisation reactions onto azoles to
synthesise tri- and tetra-cyclic heterocycles. Initial stud-
ies have shown that the protocol can be used on solid
phase resins.3
Solid-phase synthesis of imidazolyl-b-amino acid deriv-
atives has been described. Several analogues demon-
strated moderate inhibition of geranylgeranyl protein
transferase type I.4
2.2. Solution-phase synthesis
No papers this month.
2.3. Scaﬀolds for combinatorial libraries
Na-(4,4-Dimethyl-2,6-dioxocyclohexylidenemethylene)
(Dmc) protected L-serine, L-threonine and L-homoserine
have been prepared as tert-butyl esters in excellent
yields. These hydrogenolysis stable acceptors underwent
eﬃcient a-O-glycosylation with an L-fucopyranosyl bro-
mide donor and also allowed convenient protecting
group manipulations to ultimately deliver novel glyco-
amino acid building blocks suitable for Fmoc based
solid-phase glycopeptide synthesis.5
2.4. Solid-phase supported reagents
A new PS–DVB supported phthalic anhydride and
urea–hydrogen peroxide complex (UHP) have been used
for metal-free alkene epoxidation reactions. The resin
was prepared by microwave mediated PEGylation of
Merriﬁeld resin followed by esteriﬁcation with trimellitic
anhydride chloride.6
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pyrrolidine-2,4-diones) melophlin A, B, C and G were
prepared in few steps from a-aminoesters or their hydro-
chlorides by cyclisation with Ph3PCCO under mild
conditions. The employment of an immobilised, poly-
styrene-bound ylide greatly simpliﬁes the removal of
by-product Ph3PO and of other impurities.
7
Eight cross-linked poly(4-vinylpyridine/styrene) resins
(as beads) have been prepared by radical suspension
polymerisation. Ytterbium triﬂate was immobilised by
mixing with the resins and these exhibited good activity
in two Lewis acid-catalysed reactions.8
2.5. Novel resins, linkers and techniques
Treatment of resin-bound primary or secondary alkyl
and arylamines with 2,3-dichloro-5-nitro-1,4-naphtho-
quinone leads to the rapid formation of intensely col-
oured (red) beads. The reaction is of value as a
sensitive and general qualitative test for amino groups
on-resin that can be followed by cleavage for character-
isation and quantiﬁcation of the chromogens responsi-
ble for the colour.9
A new strategy for the preparation of one-bead-one-
peptide libraries compatible with solid-phase screening
and subsequent detachment of the peptide from the
resin for sequence determination by mass spectrometry
has been described. The method is based on the use of
ChemMatrix, a novel, totally PEG-based resin, together
with 4-hydroxymethylbenzoic acid linker.10
A combination of Pd2(dba)3ÆCHCl3 and commercially
available, air-stable phosphonium salt [(t-Bu)3PH]BF4
in a presence of Zn powder and Zn(CN)2 as the cyanide
source comprises an extremely eﬃcient catalyst system
for the cyanation of a diverse array of aryl bromides,
at room temperature. This result has emerged from an
experimental strategy that combines the advantages of
parallel, automated experimentation with the design of
experiments (DOE) for the eﬀective deﬁnition of an
optimal set of reaction conditions.11
Sorting tags for chromatography allow mixtures of sub-
strates to be carried through parallel chemical processes
and then separated. A general approach to sorting tags
has been described using oligomeric ethylene glycol
(OEG) derivatives.12
2-Bromoethyl glycosides can easily and in high yields be
transformed into sulphones by treatment with a suitable
thiol followed by oxidation with mCPBA. The observa-
tion that the so formed sulphones were cleaved by treat-
ment with sodium methoxide has been used to design a
new safety catch linker for synthesis of glycoconjugates
on solid support.13
The development of methods that allow a high-through-
put access to three-dimensional, skeletally complex,
polycyclic compounds having few asymmetric diversity
sites is essential and a highly challenging task. In the
postgenomic chemical biology age, in which there is agreat desire to understand protein-protein interactions
and to dissect protein networking-based signalling path-
ways by small molecules, the need for developing ste-
reocontrolled, diversity-oriented synthesis methods to
generate natural product-like libraries is of utmost
importance.14
A ligand screening method, called TINS (target immobi-
lised NMR screening), which reduces the amount of tar-
get required for the fragment-based approach to drug
discovery has been proposed. Binding is detected by
comparing 1D NMR spectra of compound mixtures in
the presence of a target immobilised on a solid support
to a control sample.15
2.6. Library applications
A series of N-linked tetrakis(tetrapeptido)calix[4]arene
diversomers has been synthesised by coupling of a cone
calix[4]arene tetracarboxylic acid chloride with tetrapep-
tides obtained in a parallel fashion. The inhibition activ-
ity of these compounds towards tissue and microbial
transglutaminase has been evaluated by in vitro assays
with a labelled substrate.16
The synthesis and the preliminary expansion of a new
class of CDK2 inhibitors has been presented. The syn-
thesis was accomplished using a solution-phase protocol
amenable to rapid parallel expansion and suitable to be
scaled-up in view of possible lead development.17
The 5,5-bicycles cis-6-oxo-hexahydro-2-oxa-1,4-diaza-
pentalene and cis-6-oxo-hexahydropyrrolo[3,2-c]pyra-
zole were designed as rotationally restricted templates
towards the preparation of inhibitors of CAC1 cysteinyl
proteinases. The design strategy was exempliﬁed
through the solution and solid phase preparation of
potent inhibitors of human cathepsin K.18
HTS of the compound collection for inhibition of the
HCV RNA dependent RNA polymerase identiﬁed two
168 member N-acyl pyrrolidine combinatorial mixture
hits. Deconvolution and expansion of these mixtures
by solid phase synthesis to establish initial SAR and
identify a potent inhibitor has been reported.19
The synthesis and evaluation as tryptase inhibitors of
a library of 2,5-diketopiperazine derivatives contain-
ing guanidine or amidine functional groups has been
reported.20
A novel series of p21 chemoselective agents containing a
pyrazolo[1,5-a]pyrimidin-7-yl phenyl amide were identi-
ﬁed by high throughput screening. Optimisation of the
amide region by parallel synthesis and iterative design
toward understanding structure–activity relationship to
improve potency have been described.21
In the quest for NPY5 receptor antagonists a virtual
screening approach yielded a novel and potent hit class
from a limited compound selection. The tight and seam-
less integration between virtual screening and rapid par-
allel chemistry has led in only two rounds of iterative
18 N. K. Terrett / Combinatorial Chemistry - An Online Journal 7 (2005) 15–19chemistry optimisation to a much broader understand-
ing of the factors which inﬂuence the potency of the thi-
azole hit class.22
The optimised solid-phase synthesis of a library of 5,120
trimeric N-alkylglycines (peptoids) using the positional
scanning format and the submonomer strategy has been
reported. Diversity at the N-terminal position was gen-
erated from 20 commercially available primary amines,
whereas 16 primary amines were employed for the mid-
dle and C-terminal positions of the trimers. Screening of
the new library for the identiﬁcation of chemosensitisers
yielded two peptoids with potent in vitro activity as mul-
tidrug resistance (MDR) reversal agents.23
A fast and high-yielding method for the parallel amida-
tion of 4-[4-(2-methoxyphenyl)piperazin-1-yl]-butyl-
amine has been applied yielding analogues of the
partial dopamine receptor agonist BP 897. Using this
amino scaﬀold prepared in solution and polymer-bound
carboxylic acid equivalents, a series of high aﬃnity
dopamine D3 receptor ligands have been synthesised.
24
A novel series of a-ketoamide-, a-ketoacid-, a-ketoester-,
and aldehyde-based inhibitors of cruzain, the primary
cysteine protease of Trypanosoma cruzi, has been devel-
oped. The inhibitors were identiﬁed by screening prote-
ase targeted small molecule libraries and systematically
optimising the P1, P2, P3, and P1 0 residues using speciﬁc
structure-guided methods.25References
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